The general morbidity is being influenced to a great extent by air way diseases. Since their incidence and prevalence have been increasing, the identification of causal factors is of importance for preventive strategies. Primary irritative, gaseous (like sulfur dioxide (SOz)) as well as particulate pollutants (like TSP) can be regarded as causal constituents. Using the opportunity of changing levels of ambient air pollution in East Germany since 1989, the impact of SO2 and TSP on bronchitis was investigated over the last 10 years as part of several intervention studies with children. The data suggest a significant association between SO2 and the prevalence of bronchitis in children but not for TSP. Considering the findings of other studies, these results would amend the hypothesis put forward in a review of the literature as TSP < ultrafine particles (sod2> 5 SO2. Although these data show a significant association with only SO2, this does not imply that ultrafine particles, such as ~0 4~-, do not contribute to the association with the observed adverse health effects. Nevertheless, the findings Adapted from a draft version of "Effect of sulfur dioxide and particulate pollutants on bronchitis in children -a risk analysis" by
suggest that TSP seems less likely to be a predictor in the association with respiratory diseases, particularly not in the presence of high SOz.
Introduction
The discussion about the role of different types of pollution exposures in influencing specific clinical diseases is at times contradictory. This is especially true in regard to the influence of ambient particulate matter andlor gaseous irritant noxae on airway diseases. This may be explained by the fact that epidemiological studies are carried out in different countries and regions always focusing on the type of exposure predominating in the area under investigation. This way, the study design and maybe also the target variables are comparable, however, the factors of influence may not be. The problem is even worse when the combined effects of two exposures, particulate matter andlor gaseous irritant noxae, are considered. The two substances need not be emitted by the same source. However, if the health impact is to set the standard for preventive measures, the role of each of the two substances in the development of the disease -in this case airway diseases -must be determined. Should the effect of the two pollutants be determined as different but equal in magnitude, eliminating the source(s) of the more serious exposure, namely SO2 or particulate matter, may be necessary in order to reduce disease prevalence and incidence. SOz and particulates are among the pollutants which are internationally regulated by law. The WHO recommended limits have by some countries been adopted as national standards. Airway diseases contribute in a major way to the general morbidity. In Germany, about 13% of all causes of death are attributable to airway diseases (Konietzko et al. [ 22 I) . Approximately 4% of all Germans suffer from chronic bronchopulmonary diseases (Fischer [ 11 I) . The prevalence of chronic bronchitis is about 5% among the population under-20 and 30% among those age 70 and over (Nolte [ 25 I) . Very high incidences and prevalences are particularly found among children, irrespective of their lifestyle and burden, with figures of up to 60% being recorded in the past among children aged 0-7 years in Leipzig (Herbarth [ 15 I) . Whether children who suffered frequently from airway diseases in early childhood will in later life be afflicted by chronic airway diseases has not yet been ascertained. Neither are the factors nor the exact circumstances known in detail which affect or trigger such diseases in (early) childhood. Against this background, studies and meta-analyses of studies (and events) were conducted, trying to answer the central question which of the many possible (and measured) exposure factors are of decisive importance in the development of airway diseases. The knowledge gained is necessarily restricted to the respective areas investigated, since analyses have increasingly shown that they are not simply transferable to other regions. Table 1 presents findings of various studies involving chldren listing the type-of-exposure-dependent health effects (airway diseases and symptoms). Investigations carried out in the 1980s highlighted associations between high levels of pollution and airway diseases. At that time investigations focused particularly on (acute) pollution episodes (smog), whereas in the 1990s work tended to concentrate on the general situation of air hygiene. Table 1 lists only those studies which report exact exposure measurements and health effects. Studies which dealt with changes in airway function parameters without visible symptoms were not included, neither were studies on croup. The nomenclature of the health effects are those used by the authors cited. Although in some instances contradictory, these findings indicate generally the involvement of air pollution in airway diseases, yet, they do not allow to generalize about a special role of SO2 as a representative of the primary irritant components or particulate matter. T h~s also applies for a retrospective metaanalysis of the 1952 London smog episode. Not even a component breakdown into SO2, smog and acibty resulted into a differentiation (Thurston [ 32 I).
Exposures

Problem statement and hypotheses
Comparisons of populations, subjected to different levels of air pollution, may be prone to overlook major factors of influence beyond the exposure itself and may also ignore specific peculiarities which exist between populations. Although, the air pollution components may be the same, locally occurring episodes cannot be assumed to be the same in the other area under investigation. Furthermore, the "dosage", i.e. the temporal distribution of the pollutants in terms of type and duration, is of importance. The cited studies (Table 1) generally do lack a detailed description of this. Thus, results obtained in a certain region are very often generalized to other areas without taking into account the specific peculiarities of that area. Thls applies particularly to investigations into the role of SO2 and dust in airway diseases. A number of epidemiologic studies have investigated the effects of particles under specifically German and in the broadest sense central European conditions. It is very difficult to distinguish between health effects due to SO2 or sulfate on airway diseases, because the occurrence of SO2 is followed by nucleation and hence the formation of sulfate particles -very tiny particles whch do not greatly contribute to the mass of TSP, PM10 or PM2.5. Therefore, carefidly targeted studies are needed if a distinction is to be drawn at least between the effect of S02/S04 and particulate matter (according to TSP, PM10 or PM2.5) on airway diseases. Thus, considering the findings of previous epidemiological studies conducted in this area as a basis, the following hypothesis is being examined in this study: (Acute) Bronchltis is -under the specific air-hygiene conditions of the regions under investigation -more closely associated with SO2 than with the mass concentration of TSP. The occurrence of bronchtis was considered with respect to the total lifetime burden of these children.
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In 1994 and 1998, two cross-sectional studies (KIGA and LISS) investigating the role of different types of pollution exposures in ainvay diseases were carried out in Leipzig. The KIGA-study (study on airway diseases and allergies among KInderGArten children) and LISS-study (the Leipzig Infection, ainvay disease and allergy study on School Starters) were complemented by an additional investigation KIGA-IND, based on the KIGA design and focus, and conducted in three differentially polluted industrial areas (the Mansfelder Land, the Bitterfeld Reference Transactions on Biomedicine and Health vol 5, © 2001 WIT Press, www.witpress.com, ISSN 1743-3525 area and the coal mining area along the southern outskirts of Leipzig). Study subjects were chldren between 5 and 7 years old. The LISS study was divided in LISS-U for the urban area and in LISS-R for the rural area around Leipzig. The investigation which is presented here is focused on acute bronchtis in young children. The findings presented are based on the analysis of a parent-completed questionnaire, identical in all studies. 93% of the KIGA study participants were born between 1987 and 1990, while 89% of the LISS sudy were born in 1991192, 65% of the KIGA-IND-study participants betweeen 1990 and 1993. The total lifetime exposure burden corresponds to the exposure duration from the year of birth to the time of the study. 
Results
The ambient air-pollution situation (yearly arithmetic mean) with respect to SO2, and particulate matter (TSP), are shown in the Table 2 depicts the average concentrations of SO2 and particulates, the study participants were exposed to during their lifetime in their area of residence, showing clearly the changes and differences in the load of the groups. The highest bronchitis prevalence was found in the KIGA and the lowest in the LISS cohort. This is in accordance with the children's lifetime exposure burden of SO2. The correlative link between sulfur oxide and bronchitis is clearly visible (R = 0.96, p<0.001), whereas such an association was not found for TSP in the areas investigated (R = 0.59, not sigmficant) (Figure 4 ). A logistic regression has been carried out to assess the odds ratios (OR) for different potential factors of influence. The following table shows the adjusted OR for predisposition (mother or father suffer from bronchitis), environmental tobacco smoking (ETS), smoking ;!uring pregnancy or in presence of the pregnant woman and the lifetime exposure for SO2 and TSP. 
Conclusions
Assessed for different parameters, the KIGA study results showed a 50% increased risk of bronchitis with exposure to typical domestic-heating-associated emission (Herbarth [ 16 I) . Measurements did show that sulfur dioxide was the major component of domestic heating emissions. Particulate matter from domestic heating took largely the form of large, health-irrelevant particulates (sedimentation particulate). These results c o n f i findings of a previous study conducted in Leipzig of the same type as the LISS and KIGA studies. This study found a clear association between SO2 and the occurrence of bronchitis (without fever) in infants 3 years and younger (Bredel et al. [ 3 I) . In addition, an increased frequency of calls to the mobile emergency medical services due to airway diseases was found associated with SOz, also in Leipzig (Herbarth [ 14 I). However TSP was not found to be a significant factor. This does not preclude the possibility that the ultrafrne fraction of particulate matter may contribute to exacerbations of the effects of SO2 or may be an important risk factor in itself. Although a relationship does exist between SO2 and TSP, it could not be demonstrated for TSP and bronchitis. From these studies it can therefore be concluded that, in these study areas, SOz was a more important factor than TSP in the occurrence of bronchitis. These results suggest that SOz would be a more reliable measure of risk than TSP. As SOz is also closely associated with sulfate and the latter is counted in 
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Transactions on Biomedicine and Health vol 5, © 2001 WIT Press, www.witpress.com, ISSN 1743-3525 the ultrafine fraction of particulate matter, it cannot be ruled out that both SO2 and sulfate, contribute to the observed effects. Yet it is difficult to distinguish between their individual actions. The mass concentration of the ultrafme particle fraction of TSP is rather low. As already mentioned, our findings do not preclude the possibility that the ultrafine fraction may contribute to exacerbations of the SOz effects or may be an important risk factor in itself. Thus, the association put forward by Lipmann and Thurston [ 23 1: TSP < PM10 < PM2.5 < so4'-may with respect to the influence of S02 and TSP on airway diseases among children be expressed as follows: TSP <(ultra)fme particles (so.+2> 5 so2
Further analyses are required to address questions concerning the modulating (and predisposing) effect of extreme concentration levels (as occurring during smog episodes) and the synergistic effects of SO2 and particulates. Such situations have been registered less and less over the past few years in the study areas. These findings demonstrate that the dominating influence on bronchitis derived from exposure to sulfur dioxide. Figure 1 to Figure 3 show, SO2 exposure has dramatically decreased over the years, much more so than TSP. If the prevalences of bronchitis in the different areas are correlated with the children's respective lifetime exposures to SO2 and TSP, SO2 was clearly the more dominant risk factor in the past (Figure 4 ). Due to the strong decrease of SO2 over the past of 10 years a level is reached from which we have to expect that these exposures at present do not have a dominant effect on bronchltis. Maybe a chronic exposure together with other components like VOC and small particles (lower than PM 2.5) is able to influence irritations and so bronchitis. For that reason further investigations are necessary to clear up the role of different noxious agents separately and in combination.
